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ABSTRACT 


Sm^^ions doped chlorofluoro borate glasses with compositions (in mol %) (50-x)B2O3+20PbO+15NaCI+15MgF2+xSm2O3, x= 
0.2, 0.4, 0.6, 0.8 and 1.0 have been prepared by melt quenching technique. For these glasses X-ray diffraction (XRD), optical 
absorption, emission and decay measurements were carried out. The glassy nature of the present glass matrices are confirmed 
by XRD profiles. From the optical absorption spectra, derived the spectral intensities (f) and Judd-Ofelt intensity parameters, 

(A= 2, 4, 6) have been evaluated. Using Judd-Ofelt intensity parameters, radiative transition probabilities (A^,), and branching 
ratios (p^,) were calculated. From the photoluminescence spectra, stimulated emission cross-sections (Op) for all the observed 
emission transitions were calculated. To investigate luminescence potentiality of'^G 3 / 2 ^®H ^/2 ennission level of Sm^^ doped dif¬ 
ferent chlorofluoro borate glasses, experimental lifetimes were obtained from decay curve analysis for all glass matrices. 
Finally, these observed results were discussed and compared with the literature data. 
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INTRODUCTION 

Spectroscopy of rare earth ions integrated in different host 
glasses are used extensively in different scientific and tech¬ 
nical applications such as solid state lasers, optical ampli¬ 
fiers and bar-code reading etc. In the development of rare 
earth (RE) doped optical devices, the selection of host glass 
matrix is very important because the spectral transitions of 
rare earth ions are host dependent [1]. 

Rare earth doped glasses were extensively researched due to 
their attractive advantages such as wide range of composi¬ 
tion, flexibility, shape and wide range of potential applica¬ 
tions like optical amplifiers, lasers and sensors. Among them, 
the borate family glasses have better application through the 
nature of low noise and high sensitivity character [2, 3]. Op¬ 
tical properties of borate glasses depend on the modifier ox¬ 
ide material of the composition. A large number of modifier 
oxides were used in glasses such as zinc oxide, alkali oxides. 


alkaline oxides and heavy metal oxides. However, borate 
glasses still have quite a few disadvantages that restrict their 
further applications by high phonon energy of host glass ma¬ 
trix [4]. In this quest, an attempt has been made by borate 
glasses are a kind of glass former in which hologens are used 
as an additional ligand environment to create low phonon 
energy in addition to the oxygen ligands. The Sm^^ (4P) ion 
is one of the most interesting Ln^^ ions to analyze the fluores¬ 
cence properties as its emitting l^vel exhibits relatively 
high quantum efficiency and also shows different quenching 
emission channels. In recent times, glasses containing Sm^^ 
ions have stimulated extensive interest due to their poten- 
tional applications for high-density optical storage, under sea 
communication and colour display [5]. The decay of excited 
states in Sm^^ involves different mechanisms depending on 
the matrix [6]. Therefore the Sm^^ ion can be useful in lasers, 
solar energy converters, etc. 
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In the present study, we first adopted simple melt quenehing 
teehnique to prepare samarium doped different ehlorofluor- 
oborate glasses. The aim is to investigate the effeets of Sm 
doping on optieal properties of ehlorofluoro borate glasses 
in detail. Now, we foeus on to highlight the intimate eonnee- 
tion between the rare earth eoneentration and speetroseopie 
parameters. From optieal absorption speetra, Judd-Ofelt in¬ 
tensity parameters (Q^, and Q^), radiative lifetimes (Xj^), 
radiative transition probability (A^^) and peak stimulated 
emission eross-seetions (Op). The nature of deeay eurve pro¬ 
files for the "^ 0^/2 state of Sm^^ in all the glass matriees is 
analyzed. These prepared glasses eould find applieation in 
the optieal field. 

EXPERIMENTAL 

In the present work different eoneentration of Sm^^ doped 
lead magnesium fluro borate glasses samples with the eom- 
positions (50-x)B2O3+20PbO+l SMgF^+l 5 NaCl+xSm 203 
(where x = 0.2, 0.4, 0.6, 0.8 and 1.0 mol%) were prepared 
using high purify ehemieals, borie aeid (B 2 O 3 ), lead oxide 
(PbO), magnesium fluoride (MgF^), sodium ehloride (NaCy 
and samarium oxide (Sm 203 ) powders using a eonventional 
melt-quenehing method. The raw materials were thoroughly 
mixed in an agate mortar and melted in an eleetronie fumaee 
at the temperature 950-1000°^ for Ih in poreelain erueible. 
After that, obtained liquid is poured on a preheated brass 
plate. The synthesized glass samples were subsequently 
annealed at 300e to remove thermal strain to do speetral 
measurements. Refraetive index (n) measurements were per¬ 
formed using an Abbe refraetometer at sodium wavelength 
(583.3 nm) with one-bromonapthalene as eontaet liquid. The 
density (d) was measured by Arehimedes’s prineiple using 
water as an immersion liquid. All these measurements were 
earried out at RT. For all the glass samples, the physieal 
properties like density, thiekness, refraetive index and eon- 
eentrations of Sm^^ ions doped have been ealeulated. 

Struetural investigations of prepared glasses were earried 
out by XRD. Optieal absorption speetrum was reeorded us¬ 
ing Perkin-Elmber Lambda 950 speetrometer. The exeitation 
and visible photo lumineseenee speetra (range 400-700 nm) 
of Sm^^ doped glass matriees were reeorded using JOBIN 
YVON Fluoro log-3 fluorimeter using flash lamp. 

RESULTS AND ANALYSIS 
XRD analysis 

The X-ray diffraetion pattern (XRD) of 0.8 mol % of Sm^+ 
doped ehlorofluoro borate glass is shown in Fig. 1. The XRD 
pattern does not eontain any diffraeting lines, suggesting the 
existenee of long range struetural disorder in the glass un¬ 


der investigation. This eonfirms the amorphous nature of the 
Sm^^ doped ehlorofluoro borate glass matrix. 

Absorption spectroscopy and Judd-Ofelt theory 

The study of optieal absorption is a useful method for inves¬ 
tigating optieally indueed transitions. Fig. 2 presents the ab¬ 
sorption speetrum for 0.8 mol% Sm^^ doped ehlorofluoro bo¬ 
rate glass matrix. Different absorption bands of Sm^^ ions in 
lead borate glass system were assigned with their appropriate 
transitions. Table 1, shows the speetral intensities of differ¬ 
ent absorption bands of 0.8 mol% Sm^^ doped ehlorofluoro 
borate glass matrix along with RMS deviations. Theory be¬ 
hind the work has been taken from our previously published 
paper [7]. There is a good eorrelation between ealeulated and 
experimental speetral intensities indieating that it is in ae- 
eordanee with intensity theory proposed by Judd-Ofelt [8,9]. 
Expeeted bands of Sm^^ in the visible region sueh as 

and "^ 0^/2 missing owing to strong absorption of host 
glass matrix. 

Within the framework of the Judd-Ofelt theory, the absorp¬ 
tion between any two states ean be obtained as a funetion of 
three parameters (Q 2 ^4 and Q^) ealled the intensity or Judd- 
Ofelt parameters. These parameters eharaeterize a rare earth 
ion in a given host matrix and are shown in Table 1. The Q 2 
parameter is strongly depending on short range effeets, sueh 
as eovaleney of the rare earth ion and sensitive to the sym¬ 
metry of rare earth ion site. While and are long range 
parameters related to the bulk properties of the glass sueh 
as rigidity and viseosity [10]. Order of intensity parameters 
is found to be Q 2 >g>Q 4 . The obtained value of Q 2 in ehlor¬ 
ofluoro borate glass is 3.32x10'^° em^ indieates that higher 
asymmetry/higher eovaleney is eonneeted with surrounding. 

Some transitions, whose speetral intensities are very respon¬ 
sive to a small ehange in the surrounding ligand environ¬ 
ment, these transitions are ealled ‘hypersensitive transitions 
(HST)’. HST transitions obey the seleetion rules |AJ|<2, 
|AL|<2 and AS = 0. Among various transition intensities, 
^H 3/2 is the hypersensitive transition (HST) for SmH 

ion and most intense one in the near infrared region [ 11 ] 
whieh is the same as those of a pure quadrupole transition. It 
has large ||U^|| redueed matrix elements. As the hypersensi¬ 
tivity, depends mainly on the atoms surrounding the samar¬ 
ium ions. The eonfiguration of nearest- neighboring atoms 
has greater influenee than atoms lying beyond the first and 
seeond- neighboring shells. 

Emission analysis 

The exeitation speetrum of ehlorofluoro borate glass was ob¬ 
tained by monitoring the emission of Sm^^ ion at 601 nm as 
shown in Fig.3 and the peak at 404 nm was found to be op¬ 
timal exeitation peak. The assignments of the samarium ex- 
eited states were made in aeeordanee with previous reported 
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works. For pure rare earth ion, the surrounding environment 
is homogeneous. So, their exeitation bands are symmetrie. 
In the present work, the exeitation speetrum appears to be 
asymmetrie owing to some disorder surrounding the envi¬ 
ronment of Sm^^ ion. The position of the emission transitions 
exhibits smaller variations and the invarianee of the emission 
wavelengths ean be explained by the shielded nature of the 
4f-4f. The emission speetra of different ehlorofluoro borate 
glasses are reeorded using an exeitation of 404 nm. Fig. 4 
shows attributions of the eorresponding lumineseent transi¬ 
tions for different ehlorofluoro borate glasses. Figure shows 
three emission peaks nearly at 569, 601 and 645 nm. From 
the emission speetra, it is observed that the main visible 
emission intensity of Sm^^ ion is in the reddish-orange part 
of speetra and eorresponds to transition loeated 

at 601 nm. The intensity ratio between eleetrie dipole and 
magnetie dipole transitions measures the symmetry of loeal 
environment of the trivalent 4f ions. The transi¬ 

tion is not observed due to its forbidden eharaeter (AJ=3), 
^^ 5/2 transition is a magnetie dipole (MD) transi¬ 
tion. The transition is magnetie dipole allowed 

but eleetrie dipole dominated with the seleetion rule AJ=±1 
and the ^ foreed eleetrie dipole transition 

(ED). This transition is very sensitive to surrounding envi¬ 
ronment of Sm^^ ions due to its hypersensitive behavior. The 
greater the intensity of the ED transition, the more asym¬ 
metry is present in the glass matrix. In the present work, the 
speetral intensity of (ED) transition of the Sm^^ 

ion is lower than the ^^512 (MD) transition, whieh in- 

dieates that low asymmetrie is predominant in the prepared 
glasses [12]. 

Intensity alteration was observed by ehanging samarium 
doping eoneentration. Among the three observed emission 
transitions (Figure 4), transition whieh has high 

emission intensity and ^G transition whieh has low 
emission intensity. The narrow nature of emission band indi- 
eates that the Sm^^ eoordination environment distribution is 
small. From the emission speetra, it is observed that the in¬ 
tensity of all the peaks inerease up to 0.8 mol% Sm^^ ion eon¬ 
eentration and then deerease at higher eoneentrations. The 
lumineseenee intensity is highly sensitive to the surrounding 
loeal environment of samarium ions. When the samarium 
ions are doped into a phosphate network, Sm^^ ions ean- 
not be dispersed in the host glass matrix, but beeome eloser 
Sm^^-Sm^^ ion pairs at higher eoneentrations. This leads to 
quenehing of the fluoreseenee intensity. Also, at lower eon¬ 
eentrations of samarium ions (up to 0.8 mol%) the samarium 
eoordinates with nonbridging oxygens whieh is responsible 
for the higher lumineseenee intensity. At higher eoneentra¬ 
tions (>0.8 mol%), samarium ions eoordinate with bridging 
oxygens. The interaetion between borate groups and oxygen 
groups through samarium ions deereases, i.e. eonneetivity 
deereases. Henee there is a possibility of deereasing fluores¬ 


eenee intensity. The eross relaxation ehannels are responsible 
for lumineseenee quenehing in the studied glass matrix. This 
is mainly due to Sm^^-Sm^^ interaetions at higher eoneen¬ 
trations. Certain lumineseenee properties for three emission 
transitions in all the glass matriees are shown in Table 2. It 
is noted that the transition, is the most probable 

transition. Also, it is noted that the predieted radiative tran¬ 
sition probability for the transition of 0.8mol% 

Sm^^ doped ehlorofluoro borate glass is 169 s f 

The stimulated emission eross seetion (a^) of emission tran¬ 
sition is one of the important parameter used to identify 
a laser aetive medium. A good laser transition ean have a 
large emission eross seetion. It is observed that the transi¬ 
tion, '^G^/ 2 ^^D 2/2 shows higher peak emission eross-seetion 
i.e. 7.68 X 10'^^ em^at 1^ = 60Inm in 0.8mol% of Sm^+ doped 
ehlorofluoro borate glass matrix, whieh is high. The large 
emission eross seetions are attraetive features for low thresh¬ 
old, high gain applieations and are utilized to obtain eontinu- 
ous wave laser aetion [13]. 

Decay curve analysis 

In the present work, it is observed that at lower eoneentra¬ 
tions of samarium (0-2 and 0-4 mol%), the deeay profiles 
(Figure 5 are fitted to single exponential whereas at higher 
eoneentrations (0.6, 0.8 and 1-0 mol%), the deeay profile be- 
eomes non-exponential due to the existenee of non-radiative 
energy transfer. The energy gap between the '^G ^/2 l^vel and 
next lowest level ^F ^^/2 nearly 6600 em“^ and requires at 
least six phonons to bridge the energy gap. So, MPR ehan- 
nel is negligible in Sm^^ doped ehlorofluoro borate glasses. 
The deereased lumineseenee deeay eonstants are due to the 
energy transfer through eross-relaxation ehannels. It is pre¬ 
dominant at higher eoneentrations of samarium ions, i.e. >0-6 
mol% in the investigated glasses. The deerease of lifetime 
and non-exponential fit are eharaeteristies of the existenee 
of eoneentration quenehing meehanism at higher eoneentra¬ 
tions of samarium ions. 


CONCLUSIONS 

From XRD analysis, it is eonfirm that the prepared glasses 
are of amorphous in nature. From the absorption speetra, 
various absorption transitions are assigned. From these tran¬ 
sitions, one transition is ehosen for exeitation of samarium 
ions and emission speetra are reeorded. From emission 
speetra, four lumineseenee transitions are observed. Among 
these transitions, emission transition at 601 nm has high in 
intensity. With the inereases of eontent of samarium, eon¬ 
eentration quenehing is observed. From the results of these 
investigations, it is eoneluded that the 0.8 mol % of Sm^^- 
doped ehlorofiuoroborate glass is more useful for photonie 
applieations. 


■ 
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Figure 1 : XRD profile for 0.8 mol% of doped chlorofluoro 
borate glass matrix. 



(b) 



Figure 2: (a) UV-VIS (b) NIR absorption spectrum of 0.8 mol 
% Sm^^ doped chlorofluoro borate glass matrix. 



Figure 3: Excitation spectrum of 0.8 mol% Sm^^ doped chloro¬ 
fluoro borate glass matrix. 



Wavelength (nm) 


Figure 4: Emission spectra of Sm^^ doped chlorofluoro borate 
glass matrix for different concentrations. 
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Figure 5: Decay profiles for doped chlorofluoro borate 
glass matrix for different concentrations. 


Table 2: Emission band positions (X^, nm), effective 
bandwidths cm"), radiative transition prob¬ 

abilities (A, s "), peak stimulated emission cross- 
sections (a xio ^^cm^) and branching ratios %) of 
Sm 5 + dopecfchlorofluoro borate glass matrix. 


S. No. 

Transition 

Parameter 

0.8 mol% 



A 

p 

645 




374 

1 

4G , , 

5/2 9/2 

Ak 

97 


0 

P 

3.80 



A 

601 




390 

2 

4G , , 

5/2 7/2 

\ 

169 



G 

P 

7.68 



A 

p 

569 




398 

3 

4G , , 

5/2 5/2 

Ak 

128 


a 

E 

6.63 


Table 1: Observed band positions (nm) and their as¬ 
signments, experimental (f^^^) and calculated (f ^j) 
spectral intensities (xio^) and Judd-Ofelt parame¬ 
ters (fl^xio cm^) for 0.8 mol% of Sm^^ doped chloro¬ 
fluoro borate glass matrix. 


S. No 

Energy level 


0.8 mol% 

fa. 

1 

'F / 

11/2 

940 

0.49 

0.75 

2 

'F / 

9/2 

1078 

4.26 

4.52 

3 

'F; 

7/2 

1226 

6.40 

6.20 

4 

'F; 

5/2 

1375 

2.75 

2.77 

5 


1473 

1.86 

2.02 

6 


1526 

1.25 

1.14 

7 

"F , 

15/2 

1584 

0.12 

0.03 


RMS deviation 


±0.18 



2 


332 



n 

4 


4.56 





4.90 
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